We demonstrate resolved sideband laser cooling of a single 40 Ca + ion in a macroscopic linear radio frequency trap with a radial diagonal electrode spacing of 7 mm and an rf drive frequency of just 3.7 MHz. For an oscillation frequency of 585 kHz along the rf-field-free axis, a ground state population of 99±1% has been achieved, corresponding to a temperature of only 6 µK. For several oscillation frequencies in the range 285 -585 kHz, heating rates below one motional quantum per second have been measured at room temperature. The lowest measured heating power is about an order of magnitude lower than reported previously in room temperature-as well as cryogenically cooled traps.
Resolved sideband laser cooling of trapped atomic ions was originally proposed with the aim of improving optical spectroscopy [1] . Since the first experimental demonstrations of this technique [2] , single ion cooling to the ground state of the trapping potential has been performed both in one- [2] and three-dimensions [3] , with a record high one-dimensional ground state population of 99.9% [4] . The possibility of sideband cooling several simultaneously trapped ions [5, 6] has furthermore recently led to a number of outstanding results within quantum information science (See, e.g., [7, 8] and references therein) and ultra-precise ion spectroscopy [9] [10] [11] . While narrow ionic electronic transitions may eventually be applied to establish new improved optical atomic clocks, the extreme spectral resolution obtainable with sideband cooled ions enables furthermore fundamental physics investigations, including search for potential time variation of natural constants (e.g., the fine-structure constant [12, 13] and the proton-to-electro mass ratio [14, 15] ), and a potential electric dipole moment of the electron [16] . For all the above mentioned applications, uncontrolled interactions between the trapped ions and the environment are key issues for the final quality of the measurements. For instance, fluctuating electrical patch potentials on the trapping electrodes will lead to heating of the ion-motion [17] . A simple model of this effect predicts heating rates which scale roughly inversely with the distance from the ions to the electrodes to the power of four [17] , a dependence consistent with experimental findings [18] . For scalable quantum information processing with trapped ions which requires microscopic traps, the only viable solution to this problem seems to be using microtraps cooled to cryogenic temperatures where such fluctuating patch potentials have been found to be dramatically reduced [19] . For spectroscopic purposes where typically only a single coolant ion and a single spectroscopy ion are trapped, an alternative strategy is to employ larger macroscopic traps at room temperature.
In this Letter, we report on one-dimensional ground state sideband laser cooling of a single 40 Ca + ion in a room temperature macroscopic linear radio frequency trap with a radial diagonal electrode spacing of 7.0 mm and an rf drive frequency of just 3.7 MHz. In other words, the trap has an ion-electrode spacing about 3 times larger and an rf frequency nearly a factor of two lower than reported in previous ground state cooling experiments. In this macroscopic trap at room temperature is very suitable for high-resolution quantum logic spectroscopy due to the long motional coherence time and consequently potentially long interaction times [9] . The zero point energy associated with the ground state cooled ion at these low oscillation frequencies (∼ 6 µK for an oscillation frequency of 275 kHz), make furthermore this trap an interesting tool for investigations of ultra-cold ion chemistry [20] . In this connection, it should be mentioned that we have been able to minimize the amplitudes of the rf sidebands due to uncompensated rf fields to a level corresponding to a residual micromotion energy equivalent to a temperature below 1 µK in all three dimensions.
In The temperature of the ion is determined by comparing the spectra of the first red and blue sidebands of the S 1/2 ↔ D 5/2 transition using the standard electron shelving technique [4] . In Fig. 2 , examples of such spectra are presented for an experiment performed with U rf = 1.2 kV and U dc = 80 V, corresponding to ν z = 585 kHz. In Fig. 2a , the red sideband spectrum is presented both before and after sideband cooling. After cooling, this sideband clearly vanishes in contrast to the blue sideband presented in Fig. 2b . A quantitative comparison between the two cooled sideband spectra lead to the conclusion that the ion has an average ground state population of 0.99 ± 0.01, corresponding to a temperature of 6 +1 −6 µK.
To gain information on the reheating of the ion in the trap, the red and blue sideband spectra have been compared at different delays after cooling from which the mean occupation number, n , has been evaluated. Results from such measurements are presented in Fig. 3a for trapping conditions identical to those above. As evident from the data, the heating rates are found to be below one quantum per second. The slight off-set from n = 0 at short delays arises from non-optimized initial sideband cooling.
To test whether this low heating rate is particular to the chosen axial oscillation frequency, similar experiments were conducted for other trapping parameters. In Fig. 3b , an extract of these experiments in terms of measured heating rates as a function of ν z in the interval 275-585 kHz is presented. Obviously, the heating rate seems to be essentially independent on the oscillation frequency and only amounts to one quantum per second, except for the case of ν z = 295 kHz. The low heating rates have been found to be very persistent, and several of the points in Fig. 3b have indeed been measured over months. This includes the resonance at 295 kHz, which has also been proven to be independent of the rf voltage applied, indicating that it is not caused by some particular non-linear resonances due to an imperfect trap [22] .
In Fig. 4 , our heating rate measurements are compared with ones from other trap experiments on the basis of deduced spectral noise densities. In terms of the product of the spectral noise density and the ion oscillation frequency, our results surpasses previous ones obtained in room temperature as well as cryogenic traps by more than an order of magnitude.
Our measured ultra-low heating rates seem to follow the generally accepted 1/d 4 scaling, where d is the nearest distance from the ion to the electrodes. The dominating contribution is, however, probably from technical noise and not fluctuating patch potentials, since the measured heating rates are found to be independent of the oscillation frequency [17] .
The Though spontaneous emission in connection with sideband cooling at the low trap frequencies applied in our experiments will lead to heating of the unaddressed motional degrees of freedom, the low heating rates implies that it should be feasible to cool all degrees of freedom to the motional ground state (of a single ion or more) by sequential sideband cooling.
Hence, experiments involving a single sympathetically sideband cooled ion in our type of trap should enable both high-resolution quantum logic spectroscopy of e.g. highly charged [12] and molecular ions [31] , and ion chemistry in the ultra-cold regime [20] . With respect to the latter prospect, the low heating rates should additionally make it possible to adiabatically lower the trap potential to reach temperatures lower than might be reached by sideband cooling directly.
The large dimensions of our trap furthermore makes it very versatile as it allows easy introduction of multiple laser beams as well as particle beams without facing the problem of exposing surfaces close to the ions.
In conclusion, we have demonstrated that it is possible to carry out effective ground state sideband cooling in a macroscopic linear rf trap with low rf drive frequencies operated at room temperature. The low heating rates indicate that such trap could be the proper choice for many experiments concerning quantum logic spectroscopy and ultra cold chemistry.
